ABSTRACT A total of 816 1-day-old Ross 308 broiler chicks with an average initial body weight (BW) of 44.01 ± 0.62 g were used in a 6-wk feeding trial. Birds were blocked based on BW and randomly allotted to 1 of 6 dietary treatments (8 replicate pens per treatment with 17 birds per replication pen) in a 3 × 2 factorial arrangement with 3 levels of metabolizable energy (ME) and crude protein (CP) with constant amino acid (100% ME and CP, 98.8% ME and CP, and 97.6% ME and CP) supplemented with or without 500 g/ton of Bacillus-based probiotics. As a result of this study, a significant reduction (P < 0.05) in BW and an increment in feed conversion rate (FCR) were observed with the reduction in the diet density during finisher and overall experiment periods. During the growing and finishing periods, the birds fed probiotic supplemented diets were heavier (P < 0.05) than those fed diets without probiotic. The FCR was also improved (P < 0.05) in probiotic supplemented groups during these periods, but feed intake (FI) remained unaffected compared to birds without probiotic supplemented diets. The apparent total tract digestibility (ATTD) of dry matter (DM) tended (P = 0.051) to be lower in ME-and CP-reduced diets compared with control. In addition, the ATTD of nitrogen (N) and energy was significantly lower (P < 0.05) in ME and CP-reduced diets than the control diet. A trend in the reduction (P = 0.059) of NH 3 gas emission from the excreta was observed for birds fed MEand CP-reduced diets compared with control diets. In addition, birds fed probiotic supplemented diets also showed reduced (P < 0.05) NH 3 emission compared to those fed diet without probiotic. In conclusion, inclusion of probiotic to ME-and CP-reduced diet improved performance, had comparable effect on meat quality, and reduced ammonia emission from the excreta. No interactive effects of diet types and probiotic were observed.
INTRODUCTION
The 2 important components of food that generate a lot of interests and challenges to nutritionists are protein and energy. The provision of energy and protein from corn and soybean meal respectively is an expensive component of feed and can account for up to 70% of feed costs (Saleh et al., 2004) . Thus, energy and protein are determinants in the evaluation of the performance and production coefficients of farm animals. The incessant scarcity of feed raw materials with consequential increase in price of animal feed has attracted the attention of the nutritionist to address this issue of feed raw material scarcity and increased feed costs. The inclusion of direct fed microbial (DFM) in the energy-and protein-reduced diet could C 2018 Poultry Science Association Inc. Received September 11, 2018 . Accepted November 26, 2018 Corresponding author: inhokim@dankook.ac.kr be a viable strategy that would contribute to reducing the feed cost. In addition to this, the inclusion of DFM in the diet also addresses the issues related to regulatory and consumer pressure on the livestock industry to reduce antibiotic usage because of the antimicrobial resistance concerns. The production of naturally synthesized antimicrobial peptides, modulation of gut flora to promote beneficial microbiota along the gastrointestinal tract, and alteration of various immunological indices and gut morphology are some of the notable benefits of DFMs (Grant et al., 2018) . Probiotic or DFM such as Lactobacillus, Bifidobacterium, and Bacillus have been used in human food and animal feed for the competitive exclusion of pathogens. Among the different probiotic species, Bacillus subtilis is characterized by robust spore-forming ability and the resistant nature of Bacillus bacteria spore enables it to tolerate a range of conditions such as chemicals, heat, and UV radiation making them interesting on an industrial scale for their long shelf life and relative ease of transportation. The supplementation of B.
2169 subtilis in the energy-reduced diet of broiler has been demonstrated to have a comparable growth performance with that of control standard diet (Harrington et al., 2016) . It has been suggested that DFMs are more efficient when feed contains low nutrient levels (Dilworth and Day, 1978; Mikulec et al., 1999) . For instance, a study by Harrington et al. (2016) noted significant financial saving in feed cost per kilogram of body weight gain (BWG) from the use of B. subtilis in 2% metabolizable energy (ME)-reduced diets compared to control diets at standard (100%). In addition, some other studies suggest that Bacillus-based DFMs could facilitate improved growth in birds fed protein-reduced diets . However, the efficacy of DFM in nutrient-reduced diets has been inconclusive (Houshmand et al., 2011) . The inconsistent results of DFMs have been attributed to a number of factors, including the inclusion level of DFMs and persistence of strain in the animal (Huyghebaert et al., 2011; Molnar et al., 2014) .
Since there are limited studies on the efficacy of inclusion of Bacillus species in reduced energy and protein diets for poultry, the first objective of this study was to determine whether the supplementation of B. subtilis in energy-and protein-reduced diets could enable broilers to achieve similar performance to birds fed standard control diets thereby providing an opportunity to formulate low cost ration. The other objective was to evaluate if there would be any interaction between energy-and protein-reduced diets and Bacillusbased probiotics.
MATERIAL AND METHODS
The experiment was conducted at the poultry experimental unit of Dankook University (Anseodong, Cheonan, Choongnam, Korea). The study protocol was approved by the Animal Care and Use Committee of Dankook University (DK-1-1646 ).
Tested Product
The tested feed additive GalliPro was obtained from commercial company (DSM) which consisted of probiotic originating from B. subtilis DSM 17229. The recommended inclusion level was 500 g/ton feed to achieve a target inclusion of 8 × 10 5 cfu/kg.
Experimental Design, Animals, and Diets
In the present experiment, a total of 816 1-day-old Ross 308 broiler chicks with an average initial BW of 44.01 ± 0.62 g were used in a 6-wk feeding trial. Birds were blocked based on BW and randomly allotted to 1 of 6 dietary treatments (8 replicate pens per treatment with 17 birds per replication pen) in a 3 × 2 factorial arrangement with 3 nutrient density diets with constant amino acid (100% ME and CP, 98.8% ME and CP, and 97.6% ME and CP) supplemented with or without 500 g/ton of Bacillus-based probiotics (Gallipro). Broiler chickens were raised in a temperature-controlled room with stainless steel pens of identical size (1.75 × 1.55 m 2 ). Room temperature was maintained at 33 ± 1
• C for the first 3 d, and then gradually reduced by 3 • C a week until reaching 24 • C and maintained for the remainder of the experiment and the relative humidity was around 60%. Broiler chickens received diet and water ad libitum. Diets were formulated according to requirements recommended by the National Research Council (1994) for standard ME 100 diets and ME and CP were slightly reduced for other two treatments and provided in crumbled form (Table 1) . Each pen had a pan feeder with a 35-cm diameter. Water was provided by evenly spaced nipple drinkers (5 nipples per pen) positioned along the side wall of the pen. Artificial light was provided 24 h/d for 7 d followed by 20 h light per day for the rest of the trial period by the use of fluorescent lights and intensity of light was about 10 lux.
Experimental Procedure, Sampling, and Assay
The broilers were weighed by pen, and feed intake (FI) was recorded at day 0, 7, 14, 21, 28, 35, and 42 to calculate BWG and feed conversion ratio (FCR). All dead birds and their weight were recorded daily to calculate mortality.
The apparent total tract digestibility (ATTD) of dry matter (DM), nitrogen (N), and energy was assessed at 42 d of age. All broiler chicks were fed diets mixed with 0.2% Cr 2 O 3 for 7 d before excreta collection. All excreta were pooled by pen and mixed, after which a representative sample was stored in a freezer at −20
• C until analysis. Before chemical analysis, the feed and excreta samples were thawed and dried for 72 h at 50
• C in a forced-air oven (model FC-610, Advantec, Toyo Seisakusho Co. Ltd., Tokyo, Japan), after which they were finely ground to a size that could pass through a 1-mm screen. Then all the feed and excreta samples were analyzed for DM (method 930.15), nitrogen (N) (method 990.03) following the procedures outlined by the Association of Official Analytical Chemists International AOAC (2000). Gross energy was determined by measuring the heat of combustion in the samples, using a bomb calorimeter (Parr 6100; Parr Instrument Co., Moline, IL). Chromium was analyzed via UV/VIS spectrophotometer (Optizen POP, Korea). For calculating the ATTD of the nutrients, we used the following formula: Digestibility = 1-[(Nf × Cd)/(Nd × Cf)] × 100, where Nf = concentration of nutrient in excreta (% DM), Nd = concentration of nutrient in the diet, Cd = concentration of chromium in the diet, and Cf = concentration of chromium in the excreta (Williams et al., 1962) .
During the last day of the experiment, 300 g of fresh excreta samples were collected from each pen, and Abbreviation: 100% ME and CP, basal diet with standard metabolizable energy and crude protein level supplemented with or without 500 g/ton Bacillus-based probiotics; 98.8% ME and CP: basal diet with reduced metabolizable energy and crude protein level by 1.2% supplemented with or without 500 g/ton Bacillus-based probiotics; 97.6% ME and CP: basal diet with reduced metabolizable energy and crude protein level by 2.4% supplemented with or without 500 g/ton Bacillus-based probiotics. stored in 2.6 L plastic boxes in duplicates. Each box had a small hole in the middle of one side wall, which was sealed with adhesive plaster. The samples were permitted to ferment for a period of 5 d at room temperature (25 • C). After the fermentation period, the Gastec (model GV-100) gas sampling pump was used for gas detection (Gastec Corp., Kanagawa, Japan) for ammonia (NH 3 ) and hydrogen sulfide (H 2 S) and used detecting tube for total mercaptans (R.SH) (No. 3 L, No. 4LT and No. 70 L, Gastec, Japan) . In these measurements, the adhesive plaster was punctured and 100 mL of headspace air was sampled approximately 2 cm above the excreta. After air sampling, each box was again covered with adhesive plaster.
At the end of the experiment 8 birds that were randomly chosen from each treatment (1 bird per replication pen/treatment) were individually weighed, sacrificed by cervical dislocation, and exsanguinated. The breast muscle, liver, bursa of Fabricius, abdominal fat, spleen, and gizzard were then removed by trained personnel and weighed. To avoid variation in the cutting procedures, the same operator was employed. Organ weight was expressed as a percentage of BW. The breast muscle Hunter L * (lightness), a * (redness), and b * (yellowness) values were determined using a Minolta CR410 chromameter (Konica Minolta Sensing Inc., Osaka, Japan). Duplicate pH values for each sample were measured using a pH meter (Fisher Scientific, Pittsburgh, PA). Drip loss percentage was determined on day 1, 3, 5, and 7 by using the plastic bag method (Honikel, 1998) . The water-holding capacity was analyzed according to the methods described by Kauffman et al. (1986) .
Statistical Analysis
Data were analyzed as a completely randomized design with 3 × 2 factorial arrangement using GLM procedures (SAS Institute, 1996) . Main effect included diet density types (100% ME and CP, 98.8% ME and CP, and 97.6% ME and CP) with or without probiotic administration as well as the interaction between probiotic and diet density. Variability in data was expressed as standard error of means. Differences among the treatment means were determined by using the Tukey's multiple comparison tests. Statistical significance was considered when P value was less than 0.05, while P < 0.10 was considered a tendency.
RESULTS

Growth Performance
The effect of B. subtilis supplemented to ME-and CP-reduced diets on growth performance is shown in Table 2 . The supplementation of probiotic as well as diet types did not have any significant effect (P > 0.05) on growth performance parameter during the starter and early growing period. However, during the growing and finishing periods, the birds fed probiotic supplemented diets were heavier (P < 0.05) than those fed diets without probiotic. The FCR was also improved (P < 0.05) in probiotic supplemented groups during these periods, but FI remained unaffected compared to birds without probiotic supplemented diets. A significant reduction (P < 0.05) in BW and an increment in FCR were observed with the reduction in the ME and CP level in the diet during finisher and overall experiment period. There were no interactive effects between diet density and probiotic.
Nutrient Digestibility
The effect of Bacillus-based probiotics supplemented to ME-and CP-reduced diets on nutrient digestibility is shown in Table 3 . The ATTD of DM tended (P = 0.051) to be lower in ME-and CP-reduced density compared with control standard diets. In addition, the ATTD of N and energy was significantly lower (P < 0.05) in ME-and CP-reduced diets than the control diet. The supplementation of probiotic in energy-and CP-reduced diet had no effect (P > 0.05) on the ATTD of nutrients. No interactive effects between diet density and probiotic were seen for nutrient digestibility.
Meat Quality
There were no significant effects (P > 0.05) of MEand CP-reduced diet and probiotic on the meat quality of broiler chicken as shown in Table 4 . There were no interactive effects between ME-and CP-reduced diet and probiotic for meat quality.
Gas Emission
A trend in the reduction (P = 0.059) of NH 3 gas was observed for birds fed ME-and CP-reduced diets compared with control diets. In addition, birds fed probiotic supplemented diets also showed reduced (P < 0.05) NH 3 emission compared to those fed diet without probiotic. The emission of H 2 S and R.SH remained unaffected (P > 0.05) with the supplementation of probiotic as well as with the diet type as shown in Table 5 .
Economic Indices
Feeding the birds with 1.2 and 2.4% ME-and CPreduced diets resulted in the loss of 0.002 US$ and 0.003 US$ respectively per kilogram BWG of birds as compared with those fed standard diet (ME and CP 100%). However, supplementation of probiotic to 1.2 and 2.4% ME-and CP-reduced diet resulted in the financial saving of 0.0049 US$ and 0.0054 US$ respectively per kilogram BWG of birds as compared with those fed standard diet (Table 6) . 1 Abbreviation: 100% ME and CP, basal diet with standard metabolizable energy and crude protein level supplemented with or without 500 g/ton Bacillus-based probiotics; 98.8% ME and CP: basal diet with reduced metabolizable energy and crude protein level by 1.2% supplemented with or without 500 g/ton Bacillus-based probiotics; 97.6% ME and CP: basal diet with reduced metabolizable energy and crude protein level by 2.4% supplemented with or without 500 g/ton Bacillus-based probiotics.
2 Standard error of means. 1 Abbreviation: 100% ME and CP, basal diet with standard metabolizable energy and crude protein level supplemented with or without 500 g/ton Bacillus-based probiotics; 98.8% ME and CP: basal diet with reduced metabolizable energy and crude protein level by 1.2% supplemented with or without 500 g/ton Bacillus-based probiotics; 97.6% ME and CP: basal diet with reduced metabolizable energy and crude protein level by 2.4% supplemented with or without 500 g/ton Bacillus-based probiotics.
2 Standard error of means.
DISCUSSION
In the present study, diets with different levels of ME and CP were used to evaluate the energy and proteinsparing effects of probiotic B. subtilis in low density diets. The diet with 100% ME and CP was formulated to represent standard commercial diet for poultry, and the energy and protein levels in other diets were reduced by 1.2 and 2.4% and supplemented with B. subtilis so as to evaluate whether the performance and production of broiler chicks are higher or comparable to those fed standard diet which eventually would allow an opportunity for low cost feed formulation.
Effect of Diet Density
Among several nutritional factors, dietary density is one of the factors that has a significant impact on the growth and health of broiler chickens. In the present study, reducing the ME and CP levels of the standard control diet by 1.2 and 2.4% during the starter phase 1 Abbreviation: 100% ME and CP, basal diet with standard metabolizable energy and crude protein level supplemented with or without 500 g/ton Bacillus-based probiotics; 98.8% ME and CP: basal diet with reduced metabolizable energy and crude protein level by 1.2% supplemented with or without 500 g/ton Bacillus-based probiotics; 97.6% ME and CP: basal diet with reduced metabolizable energy and crude protein level by 2.4% and with supplemented with or without 500 g/ton Bacillus-based probiotics.
2 Standard error of means. WHC: water holding capacity. 1 Abbreviation: 100% ME and CP, basal diet with standard metabolizable energy and crude protein level supplemented with or without 500 g/ton Bacillus-based probiotics; 98.8% ME and CP: basal diet with reduced metabolizable energy and crude protein level by 1.2% supplemented with or without 500 g/ton Bacillus-based probiotics; 97.6% ME and CP: basal diet with reduced metabolizable energy and crude protein level by 2.4% and with supplemented with or without 500 g/ton Bacillus-based probiotics.
2 Standard error of means. NH 3 : ammonia, H 2 S: hydrogen sulfide, R.SH: total mercaptans.
(day 1 to 14) had no significant effect on the BW, FI, and FCR. In contrast, Kamran et al. (2008) and Ghahri et al. (2010) , when assessing diets with different levels of CP and ME, observed effects on the FI and reported that consumption is increased when CP and ME levels are reduced in the diet. Likewise, Harrington et al. (2016) noted that birds fed low-energy diets had higher FI during day 0 to 21 than those birds fed higherenergy diets to compensate for lower energy intake per kilogram of feed. The inconsistent finding in FI might be due to variation in the level of ME and CP in the diet. The birds receiving higher nutrient density (100% ME and CP) diets were heavier and had improved FCR than those receiving lower nutrient density diets during finishing period in the current study which corroborates with findings of Tancharoenrat and Ravindran (2014), who observed that an increase in energy level improved weight gain and feed conversion with no effect on FI in broiler chickens. In addition, Harrington et al. (2016) noted that BWG was numerically highest for ME 100% compared with lower energy density diet (ME 98% and ME 94%) during day 21 to 42. Infante-Rodriguez et al. (2016) also noted the higher energy density diet led to improved FCR in broiler. However, Waldroup et al. (1990) found no effect of energy concentration of diets on growth performance in broiler chicks. Ferreira et al. (2015) also indicated reduced growth in birds fed low energy density diets. The digestibility of DM, N, and energy at the end of the trail (day 42) was significantly lower in the birds fed low energy and protein diets compared with those fed standard control diet which is in agreement to our previous finding 1 Abbreviation: 100% ME and CP, basal diet with standard metabolizable energy and crude protein level supplemented with or without 500 g/ton Bacillus-based probiotics; 98.8% ME and CP: basal diet with reduced metabolizable energy and crude protein level by 1.2% supplemented with or without 500 g/ton Bacillus-based probiotic; 97.6% ME and CP: basal diet with reduced metabolizable energy and crude protein level by 2.4% and with supplemented with or without 500 g/ton Bacillus-based probiotics. (Upadhaya et al., 2016) . However, Rabie et al. (2010) demonstrated that digestibility coefficients of DM and CP were not affected by decreasing dietary ME level from 3,000 to 2,900 kcal in broiler chicks, but when dietary energy level reached 2,700 kcal ME these parameters were significantly depressed. The possible reason for reduced digestibility in energy-reduced diet is because fat despite being an energy source also helps in slowing down the rate of food passage through the digestive tract thereby allowing better absorption and digestion of nutrients present in the diet containing standard level of ME and CP.
The difference in the level of ME and CP did not affect the quality of meat in the current study. Similar results were obtained by Rabie et al. (2010) , who reported that carcass traits of broiler chicks remained unaffected by dietary energy level. Additionally, Corduk et al. (2007) demonstrated that carcass yield and proportions of carcass sections were unaffected by dietary ME level of 3,000 to 3,200 kcal and 3,057 to 3,298 kcal in starter and grower diets, respectively. Moreover, Tang et al. (2007) showed that dietary ME levels of 3,098, 3,197, and 3,296 kcal did not significantly affect carcass weight or breast muscle weight of broilers but dressing percentage significantly increased as dietary ME level increased from 3,098 to 3,296 kcal. Marcu et al (2013) reported that higher energy and protein diets increased yield of breast in broiler chickens.
In the present study, a trend in the reduction for ammonia gas was noted in diets with reduced ME and CP level. Ferguson et al. (1998) suggested that the most efficient and possibly the cheapest method of controlling NH 3 production is to reduce the amount of N excreted from the birds. This reduction in excretion can be achieved by reducing the amount of dietary CP fed to the birds and supplementing with synthetic amino acids. Thus, the tendency in the reduction in NH 3 emission from the excreta of birds fed ME-and CP-reduced diet is possibly due to the lower amount of CP in the diet.
Effect of Bacillus-Based Probiotics
Bacillus subtilis spores have been suggested to bear good characteristics as a probiotic microorganism (Jeong and Kim, 2014; Latorre et al., 2014) because of its ability to endure harsh environment, elevated temperatures, and the pressure of feed processing, along with the adversities of intestinal lumen, including a low pH and an anaerobic environment (Michiko and Peter, 1998; Shivaramaiah et al., 2011) . In the present study, B. subtilis was added to the energy-and CP-reduced diets so as to evaluate the energy and protein-sparing effects of B. subtilis. The inclusion of B. subtilis in the ME-and CP-reduced diet improved BWG and FCR after 21 d post hatch which is in agreement to the findings of Harrington et al. (2016) , who indicated that birds fed Bacillus-based probiotics supplemented diet had higher final BWs and lower FCR compared with their respective control irrespective of energy reduction. Some other studies also reported a significant increase in BW with the addition of probiotic in 21-day-old chick (Bai et al., 2013; Kehlet et al. 2014) . It seems that the improvement in growth performance with the dietary addition of B. subtilis is not instant but accumulated as time goes; thus, the effect is seen after 3 wk of probiotic administration. The improvement in FCR and BW may be attributed to competitive adhesion and immunomodulation by Bacillus spores or it may be associated with the secretion of enzymes and other substances produced by the germinated, vegetative cells of Bacillus (Leser et al., 2008) .
With regard to nutrient digestibility, Kehlet et al. (2014) reported that GalliPro confer benefits of increased nutrient digestibility because of its increased enzyme activity compared with many commercially available probiotics. Moreover, Reis et al. (2017) also indicated that total tract digestibility of DM, CP, and ME was improved in dietary B. subtilis supplemented broiler chickens. However, in the present study, the supplementation of B. subtilis (GalliPro) did not have significant effect on nutrient digestibility but had comparable effects irrespective of ME and CP levels in the diets. It has been reported that probiotic supplements may be more effective under stress such as practical field conditions (Weiss et al., 2013) . This might be one reason for the missing effect of Bacillus spp. supplementation on digestibility values in the present study, broilers were housed and kept in a clean environment under optimal temperature and minimal stress conditions. Since we analyzed the digestibility only at week 6, the age may be another contributing factor in building up the complexity of the microbial community with growing animals being more resistant to intestinal disorders than young animals (Lessard and Brisson, 1987) . The meat quality in the birds receiving Bacillus supplemented ME-and CP-reduced diets was not affected by the addition of probiotic in the diet but was comparable with the standard control diets. Previous studies noted that B. subtilis (GalliPro) supplementation did not affect carcass characteristics in broiler chicks (Toghyani et al., 2011; Zaghari et al., 2015) . The emission of NH 3 gas was reduced from the excreta of birds fed diets supplemented with B. subtilis. It has been suggested that fecal ammonia emission is related to nutrient utilization and the intestinal microbial ecosystem (Ferket et al., 2002) . In the present study, the decreased ammonia emission was, perhaps, due to the improvement of the intestinal microbial balance. The difference in the findings between different studies in the measured parameters could be due to the energy and protein levels in the diet, diet composition, probiotic strains used, age of animal, and environmental conditions.
Interactive Effects
There were no interactive effects between diets with varying ME and CP levels and probiotic in all the measured parameters. Hence, no additive effects were observed.
CONCLUSION
Taken together, the inclusion of Bacillus-based probiotics improved the BW and ADG 21 d post hatch and reduced ammonia emission in the excreta which could be due to improved intestinal health associated with microbial balance and lower levels of protein in the diet. The growth performance and nutrient digestibility in reduced density in diet were negatively influenced compared with the standard control diets. However, including the Bacillus-based probiotics in the energy-and protein-reduced diet exhibit improved performance, reduced ammonia emission compared with unsupplemented diets, and had comparable results as that of control diets for nutrient digestibility and meat quality. Thus, inclusion of B. subtilis in nutrient-reduced diet could contribute in reducing feed cost by formulating the ration with ME and CP levels reduced by 2.4% as compared with standard ME and CP diets.
